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I. INTRODUCTION

L
ITERACY in science and technology is an important national need [1] . In some colleges and universities, this need has been addressed through the creation of engineering courses for non-engineering majors [2] , which usually satisfy a general education requirement. So far, however, little is known about the long-term student outcomes of these courses. Without knowledge about student outcomes, faculty cannot gauge the effectiveness of these courses. This paper therefore seeks to understand the potential long-term student outcomes of a general education engineering course.
Typical general education courses focus on the acquisition of intellectual skills. Laird et al. [3] studied the contributions of general education to student learning through the use of the Faculty Survey of Student Engagement. The survey was administered to faculty and instructors in 109 colleges and universities. Laird et al. [3] found that faculty who teach general education courses focus more on developing intellectual skills, such as critical thinking, than do faculty who teach courses for their own majors.
Although general education courses emphasize cognitive skills, in studies of general education engineering courses, researchers have also found positive noncognitive student outcomes. Kuc [4] found that students felt empowered by having learned the content of a digital technologies course. In other studies of outcomes of engineering courses for non-majors [5] , [6] , researchers found that students became more confident in their abilities to perform basic engineering tasks and improved their understanding of engineering in the real world [4] , [6] .
Noncognitive student outcomes were also found in computer science courses for non-majors. Wiedenbeck [7] studied the factors that affected how well students learned to program in an introductory computer science course, and found substantial increases in students' perceived selfefficacy during the semester. Guzdial [8] found that after completing a media computation course for non-majors, students understood how computer science could be applied. Forte and Guzdial [9] found that non-computer-science students were more likely to complete and pass a computer science course when the course was tailored to the students' own discipline. This paper makes three contributions to engineering education. First, the authors identify the potential long-term outcomes of general education engineering courses. Second, the authors investigate student outcomes through interviews, which have been minimally used in the study of self-efficacy in engineering courses. Third, as the primary result of this paper, the authors describe the mechanisms that promote student selfefficacy in a course on digital technologies for non-engineering majors.
II. CONTEXT
ECE 101 is an elective course offered by the electrical and computer engineering department at a large public research university. This course introduces students outside the engineering college to the design and development of digital technologies. Some of the topics covered include modulation, audio and image compression, HTML, JavaScript, and logic circuits. College of Engineering students requiring digital logic or circuits knowledge would take courses more rigorous than 0018-9359 c 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
ECE 101. In the past, a very small number of students who completed ECE 101 transferred to the college of engineering in a later semester. The overarching learning outcomes for ECE 101 include learning about the mathematical and scientific principles that underlie information technologies, the engineering processes in design and development, and the tradeoffs that engineers make during the design process. The learning outcomes are not explicitly related to self-efficacy or repairing devices.
ECE 101 meets the university's general education requirements in quantitative reasoning and in physical sciences. In each week of the semester, ECE 101 students attend two 50-min lectures taught by a lead instructor and one 2-h laboratory session taught by a graduate teaching assistant (TA). The TAs are graduate students selected by the ECE department. In each semester, the course enrolls an average of nearly 30 students; most are first-year and second-year students. Instruction in engineering processes and tradeoffs is supported in the laboratory, where students find multiple engineering solutions to the assigned problems. Some of the topics addressed in laboratory are HTML and JavaScript, digital filters to process music and images, and digital logic circuits.
ECE 101 students have to carry out a final project during the semester, working either in a group or alone. Throughout the project, the instructor and TAs provide feedback to help students scale their project up or down as necessary. The students have the freedom to address the feedback or change the project in its entirety. At the end of the semester, the students demonstrate their projects in front of their classmates, the instructor, and the TAs. The instructor and TAs assess the demonstration and final project, providing comments and giving ratings based on a rubric with five criteria: 1) time/effort; 2) creativity; 3) application of ECE 101 topics; 4) value of the design; and 5) technical description of the design.
As an example of a final project, one student proposed building a music synthesizer. In the feedback to the student, the instructor recommended that the student either use waveform synthesis or construct hardware based on a finite-state machine, as learned in ECE 101. As a result, the student constructed a circuit-based keyboard synthesizer. The student did not design the synthesizer, but instead followed instructions from a sample project documented on the Internet. The demonstration at the end of the semester was excellent, and the student demonstrated comprehension of oscillator concepts and formulas that had been covered in the course. The final project was awarded a strong grade, receiving high marks for time, effort, application of ECE 101 topics and technical discussion, and somewhat lower marks for creativity.
In order to improve student engagement in ECE 101, the instructor introduced content personalization into the teaching of the course [10] . Content personalization aims to improve student engagement and students' confidence in applying new skills to their lives and careers. Students contribute to the class by sharing their suggestions for applications of the topics covered. Their ideas are then integrated into the lectures, homework exercises, and examination problems. In this way, the content is adapted throughout the semester to incorporate students' connections with digital information to their academic, personal, or professional interests. Content personalization is an individual version of course tailoring [9] .
The instructor did not have any formal training on selfefficacy. The TAs were instructed on assessment of final projects, and were encouraged to work closely with students, taking a hands-on approach.
III. THEORETICAL FRAMEWORK
This paper was guided by Bandura's self-efficacy theory [11] , which stems from his social learning theory [12] . Through this theory, Bandura posits that learning can be achieved directly via experiences and indirectly via observation of others' experiences. In this paper, the authors focus on self-efficacy, conceived as "beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments" [13, p. 3] . According to Bandura [11] , [13] , there are four sources of self-efficacy: 1) mastery experience; 2) vicarious experience; 3) verbal persuasion; and 4) physiological and affective states. As stated in Zimmerman [14] , self-efficacy differs from related motivational constructs, including outcome expectations, self-concept, and locus of control. Furthermore, Zimmerman [14] found that self-efficacy remains critically relevant as a mediator for students' learning and motivation.
In this paper, self-efficacy theory was used to guide the development of the interview protocol for the follow-up longitudinal interviews as well as the data analysis. The four sources of self-efficacy were interpreted as follows: 1) "mastery experience" encompasses experiences in which students achieved their learning objectives; 2) "vicarious experience" is the perspective students gained on their own ability or skill based on what they saw from their peers, TAs, and the instructor; 3) "verbal persuasion" is the verbal feedback students received from their peers, TAs, and instructor; and 4) "physiological state" is the emotions that students felt in association with a course-related activity.
IV. RESEARCH QUESTIONS AND METHODS
The first research question addressed was: "what are the potential long-term impacts of a digital technologies course for non-engineers?" In a report of the preliminary results to the first research question [15] , Revelo and Loui [15] found that self-efficacy was one of the long-term student outcomes. Other long-term outcomes included retention of particular technical skills (e.g., HTML and JavaScript) and perseverance through challenges (e.g., final projects). Having found self-efficacy to be a long-term student outcome, a follow-up interview was designed to further investigate the sources of self-efficacy in the course. Subsequently, qualitative methods were employed to address a second research question: "which sources of self-efficacy influenced students' experiences in the digital technologies course?"
A. Data Collection
To develop a qualitative understanding of student outcomes from the student's perspective, data were collected through interviews with students. Interviews were also chosen to provide rich understanding of how students use knowledge gained in general education engineering courses. Following institutional review board approval, an e-mail was sent to invite all 188 students who had completed ECE 101 from the fall of 2007 through the fall of 2010 to participate in individual interviews. Twenty students, nine women, and eleven men, responded to the message, and all 20 were interviewed. At the time of the interview, six were first-year students, three sophomores, nine juniors, and two seniors. One student was majoring in computer engineering, and two students expressed interest in switching majors to electrical or computer engineering. The other students interviewed were in majors outside of engineering, including accounting, physiology, psychology, and journalism. The interviews, each 25-45 min long, were audio recorded and later transcribed verbatim. Each interviewed student received $10 as compensation for their time.
Through the use of cross-sectional and longitudinal interviews, long-term outcomes were assessed one to six semesters after the students took the course. Cross-sectional interviews were conducted the spring of 2011 with 12 students, who were asked to recall the most important ideas and significant experiences in ECE 101, and in one other general education course. Some of these other general courses mentioned were in animal sciences, Latin American studies, and psychology.
Longitudinal interviews consisted of an initial interview and a follow-up interview. The follow-up interview was conducted one semester after the initial interview. As shown in Table I , longitudinal interviews began in the spring of 2012, when four initial interviews were conducted. Two of those interviewees were available for a follow-up interview in the fall of 2012. Four more initial interviews were conducted in the fall of 2012. Two of those interviewees were available for a followup interview in the spring of 2013. In total, only four of the eight interviewees were available for a follow-up longitudinal interview.
The same interview protocol was used for the crosssectional interviews and the initial longitudinal interview. After the findings from the first interview were analyzed, a second protocol was created to further investigate self-efficacy as a long-term student outcome. Using the second protocol, in the follow-up longitudinal interviews students were asked questions about sources of self-efficacy. The interview had four parts, each with questions directed toward one of the four sources of self-efficacy according to Bandura's selfefficacy theory [11] : 1) mastery experience; 2) vicarious experience; 3) verbal persuasion; and 4) physiological and affective states.
B. Data Analysis
In the spring of 2012, two of the authors analyzed the first set of cross-sectional interviews using inductive data analysis. After analyzing the interview transcripts individually, the authors met to negotiate on codes and arrive at a final code list. This final code list was used to analyze all interviews and develop a final set of categories and themes. As part of the member check, a draft report was sent to the 12 participants; three responded positively, making no changes.
The follow-up longitudinal interviews were analyzed by two of the authors in the spring of 2014. The data analysis was primarily guided by Bandura's work [11] , with some emergent coding. The two authors again analyzed the interviews individually and then met to discuss and negotiate on codes. The final list of codes included codes that indicated sources of self-efficacy (e.g., mastery experience).
C. Limitations
One of the limitations of this paper is that the students were self-selected. It may be that students who volunteered to participate in an interview had very positive or very negative experiences. Self-selection bias may have been mitigated by the $10 compensation by attracting student participants who had not had extreme experiences. A second limitation is that these interviews did not capture the experience of those who did not complete the course, since only the students who completed the course were interviewed. A third limitation is that although the same instructor taught the course from 2007 through 2011, and the core content remained constant, students may have experienced the course differently, depending on which semester they took the course.
V. RESULTS
The following set of results reflects the findings from the cross-sectional and longitudinal interviews with a focus on self-efficacy and sources of self-efficacy. In the quotations below, all names are pseudonyms.
A. Self-Efficacy as Long-Term Outcome
Reflecting on what they had learned in the ECE 101 course, students recounted experiences that improved their confidence in their ability to perform tasks related to the course. Danielle described an example where, after the fan in her laptop computer stopped working, she asked her brother if he could fix it, but reassessed the situation after her brother took too long to work on it. She recalled:
" Other students, like Felix, said that after completing the course, they were able to do something that would otherwise have felt "scary," or that they had been unable to do.
As much as I disliked this class and it was a struggle for me, I did well when all was said and done, and I realized that even though I . . . do not see myself as someone who is good at these things, I can do them when push comes to shove and math and science are not these scary things I cannot do. (Felix) (from [13])
Some students recalled feeling self-efficacious about certain course activities six semesters after they had taken the course.
Students' self-efficacy was improved primarily by verbal persuasion and mastery experience. Students also reported vicarious experience and physiological state as sources of selfefficacy, but verbal persuasion and mastery experience were consistently influential and more prominent for all students.
B. Verbal Persuasion
Through their interactions with the TAs and the instructor, students were persuaded into believing that they could persist in the course. All of the students gave examples of verbal persuasion in their interviews. In particular, students said they would not have been able to persist in the course without the assistance and encouragement from the TAs. The representative quotation from Lana below highlights the critical role that TAs played in providing encouragement, as a form of verbal persuasion. Lana further recognized that the encouragement was "as important" as the technical assistance provided by the TAs. With this encouragement, students felt more capable of completing tasks and were more willing to explore unfamiliar topics.
"They [the TAs] are so much help and at students' disposal, really makes it instrumental [sic] for a person like myself with a non-engineering background that has a marginal interest in the content to be able to derive more value out of it [the course content]. I honestly do not know how much value I would have been able to derive out of it had I not had the assistance that I had and the encouragement. The encouragement is as important as the help-just having that positive reinforcement every week was pretty crucial." (Lana)
Peers also served as agents of verbal persuasion. For example, students who developed games for their final projects had the chance to be recognized by their peers for creating the best game in the class. The class provided peer evaluations from which the winners were selected. Andrea reported that her final project, a game she developed with her partner, won recognition as the best game in the class. This recognition served as positive feedback and verbal persuasion from her peers.
" While providing verbal persuasion was critical, as posited by Bandura [11] , verbal persuasion needs to be substantiated by experiential performance. In this case, as well as persuading students that they could accomplish the tasks required in the course, the verbal persuasion agents (TAs and instructor) also needed to ensure that the students were working on attainable tasks, that they were able to accomplish. As an example, in the quotation below, the instructor encourages Edward, who was worried about his ability to perform to his own standards in the final project, to tailoring his project so that it would be attainable. The instructor was confident that Edward had gained knowledge in the different topics taught, and Edward's comment indicates the positive effect of the instructor's statement. As a result, Edward felt comfortable changing to an attainable final project.
"I told the instructor that I did not think I was going to get a good grade or something and he said just do something else-you learned a lot. Turn the project in some other direction. He was helpful with that too and supportive of that." (Edward)
C. Mastery Experience
All of the students interviewed applied their new knowledge of digital technologies in their final project. For the students, the final project was a salient experience through which they demonstrated mastery of the material. The students also stated how their mastery experience in the final project influenced their decision to undertake similar projects after the semester had ended. For example, Brian discussed soldering a battery after he had practiced soldering in ECE 101. [15] ) Successes can raise mastery expectations and failures can lower them [11] . Although the students expressed feelings of accomplishment in their final project, a pattern was observed in which many students said they were both "successful and unsuccessful" in their final projects. They talked about having failed technically because the projects did not meet all of their requirements. Yet, paradoxically, they felt they had not actually failed because they still learned something and took something away from the experience. Students also gained mastery experience through conversations with friends outside of the course. Some students mentioned a new ability of being able to talk to their friends about topics in ECE 101 that they would not have been able to understand before taking the course. Andrea mentioned that she was able to follow a conversation among her friends about topics in electrical and computer engineering.
" The results from this paper confirm findings in the literature about improved self-efficacy in a programming course for non-engineering students [16] . Specifically, non-engineering students in a digital technologies course demonstrated an improved self-efficacy for tasks related to knowledge gained through the course. Some of the students provided examples of improved self-efficacy six semesters after the course. Also consistent with literature on self-efficacy [17] , this paper found that a student's self-efficacy in a digital technologies course was amplified by a mastery experience.
By developing a course structure that aims to improve student engagement in the course, the instructor's expectations of students become closely related to verbal persuasion. While research on the Pygmalion effect [18] has mixed findings, research generally supports the view that an instructor's expectations can affect students' academic performance [19] - [21] . If the instructor has high expectations for the students and shows confidence that the students will meet those expectations, then according to the Pygmalion effect, students' performance will generally improve. With affirmative feedback that they are doing well in achieving learning objectives, students may gain confidence in their ability to complete tasks or to perform a certain skill. In short, when the instructor has high expectations, the student works hard in order to meet those expectations and performs well. When the student performs well, she has a mastery experience and gains confidence in her ability [22] .
Many students felt simultaneously successful and unsuccessful in their final project. Although the students reported feeling that they were "successful" in the final project, they also reported feeling "unsuccessful" because they did not meet all of the requirements or specifications of their initial proposal for the final project. However, instead of declaring the final project a failure, they felt that it was a success. This success paradox may have been mediated by the course structure and the support provided by the instructor and the TAs. The instructor asked the students to complete an initial proposal for their final project that was not limited by their skills or content knowledge. In other words, if students could build anything within the scope of the course, what would they build? After the initial proposal, the instructor and the TAs provided individual feedback to help the students define and scale the project as needed while maintaining the core of the initial proposal intact. To redefine the project, the instructor and the TAs discussed with the student the realistic constraints of time, cost, resource availability, and technical skill. After three to four weeks, the students had completed final projects, though in some cases the completed deliverables may have fallen short of the initial proposal. After the final projects were completed, the vast majority of students met all of the course requirements.
The mix of emotions (failure and success) flows naturally from the process of learning about realistic constraints of a real project. The final project is the first time many students have attempted an open-ended design; at first, they do not have a clear conception of what is possible. Generally, the students do not connect the tasks they complete in homework or in the laboratory with the broader tasks of the final project. Asking them to aim high with the project avoids them getting bogged down with self-assessment; rather than asking themselves "What am I capable of doing?," they ask, in the spirit of content personalization, "What do I want to do?" At that point, the instructor and the TAs can help assess both the constraints and the students' skills to help them define feasible projects. While students still dream of solving a larger problem, they become satisfied by their accomplishments under the realistic constraints. The students gain self-efficacy from tackling a project with the confidence that their skill set might enable them to succeed.
Finally, an important source of self-efficacy, especially in connection with mastery experience, was verbal persuasion by the TAs and the instructor. In the research literature, however, verbal persuasion appears much less frequently than other sources of self-efficacy [15] . Because the majority of the students in ECE 101 are not pursuing an engineering major, verbal persuasion may be essential in promoting persistence and continued interest in the course. For example, many of the students interviewed did not consider themselves "math or science" people, and as a result, considered dropping the course in the first week of the semester. Because the TAs and the instructor acted as agents of persuasion, they decided to stay in the course, persisted, and completed the course.
VII. CONCLUSION
This paper found that non-majors who took a general education engineering course had notable noncognitive, long-term outcomes. This paper also found that self-efficacy was a significant long-term student outcome. Verbal persuasion and mastery experiences were two prominent sources of student self-efficacy. Verbal persuasion included purposeful encouragement from TAs, the instructor, and peers. Mastery experiences included performance tasks that students completed. When verbal persuasion and mastery experiences reinforced each other, students felt successful in the course despite perceived barriers. This paper can inform faculty who develop engineering courses for non-engineering students. Faculty can develop or redesign courses to improve self-efficacy by purposefully incorporating verbal persuasion and mastery experiences. In the ECE 101 digital technologies course, the paradoxically successful final project, encouragement and support from TAs and the instructor, and recognition from peers served as sources of self-efficacy. When the course structure supports self-efficacy, students will focus on getting the most out of the course instead of on merely earning a passing grade to complete a general education requirement.
As an implication for practice, the authors recommend three mechanisms that can be used to design general education engineering courses that promote self-efficacy. First, instructors can incorporate purposeful encouragement (verbal persuasion) from TAs, instructors, and peers into the course structure. For TAs and instructors, purposeful encouragement can be provided to students via office hours and project consultations. For peers, instructors can set up activities that will enable students to give support and feedback to one another. Besides providing a supportive course structure, the TAs and instructors are essential in creating a learning environment that is aligned with improved self-efficacy. Students rely heavily on the perceived encouragement and support they receive from the instructors. Specifically, instructors can incorporate ways to provide forms of verbal persuasion to the students. For example, instructors should take time during key events, such as the final project, to discuss accomplishments and opportunities with the students.
Second, instructors can incorporate performance tasks (mastery experiences) that are personalized or tailored to the students' interests. Performance tasks are often part of the curriculum (e.g., final projects), but they can also be viewed as opportunities to promote self-efficacy by reframing these experiences to engage students' interests. For example, in ECE 101 students were encouraged to work on a project that was aligned with their career or college-major-related interests (see [9] ).
Finally, performance tasks and purposeful encouragement can be combined to enhance self-efficacy. When pairing these two sources of self-efficacy, instructors should ensure that the purposeful encouragement to take on a performance task is complemented with support to complete the task. Consistent with the success paradox, the students may feel the project outcomes did not meet their initial expectations of the project, yet when mediated by verbal persuasion, a mastery experience can still feel successful. In an engineering course for nonengineers, verbal persuasion and mastery experiences should be combined in order to enhance students' self-efficacy.
Future work may entail investigating the connection between research and practice with regards to sources of selfefficacy in engineering general education courses. While this paper provided an understanding of the key sources of selfefficacy in a digital technology course for non-majors, future work can investigate the training of instructors to provide self-efficacy support to students.
